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Abstract No. 489
METAL INTERCALATION CHARACTERISTICS OF n-HfS,
PHOTOELECTRODES IN NONAQUEOUS ELECTROLYTES

Krystyna W. Semkow, Nirupama U. Pujare and
Anchony F. Sammells

ELTRON RESEARCH, INC.
.4260 Westbrook Drive
Aurora, Illinois 60505

Photoelectrodes of the Group IVb transition metal
dichalcogenides HfS;, HfSej, ZrS) and ZrSep (which are
all indirect gap materials possessing band gaps of re-
spectively 1.96, 1.13, 1.68 and 1.2eV) have recencly
besn shown compatible for the reversible {ntercalacion
of copper and iron specicl.l-z Single cryscals of
these materials prepared by the halogen (I;) vapor
transport technique were found to be intrinsi{cally n-
doped. Intercalation occurs between the weakly bonded
van der Waals planes of these materials. The electro-
chemical intercalation and photoelectrochemi~al (PEC)
deintercalation of redox species st the interfacial
region of these layer type photoanodes, with either
l1iquid nonaqueous or solid polymer electrolytes (SPE),
could be a viable strategy for PEC storage davices.

The PEC and electrochemical incercalation char-
acteristics for single cryscal materiala {s found high-
ly dependent upon the crystal orientation exposed to
the electrolyte of interest.

In work to be discussed here, the PEC performance
of n-HfS; is correlated with capacitance and impedance
measurements obtained with the photoanode van der Waals
layers exposed either parallel or perpendicular to the
nonaqueous slectrolyte. These wmeasurements were per-
formed in acetonitrile/0.1M TBAPFg (tetrabutylasmonium
fluorophosphate) electrolytes wvith and without 0.1M CuCl
present as the intercalating redox species. Ohmic con-
tact to n-HfS; was achieved by sparking indium metal to
the van der Wauls layers, using a 15V dc power supply.
Current collection was then accomplished via a nichrome
vire attached via silver epoxy and the whole ohmic con-
tact region suitably insulated. In the absence of CuCl,
photopotentials for the (defect free) van der Waals sur-
faces were typically found to be between -220 and -240mV
undsr simulated AMI i{llumination. For photoelectrodes
prepsred where the intercalating edge steps were inten-
tionally exposed to the nonaqueous electrolyte, somewhat
smaller photopotentials between ~80 and -160uV were
found. Impedance and capacitance meaaurements taken
over the frequency rvrange 500Hz to 20kHz for the van der
Waals surfaces indicated the presence of frequency de-
pendsnt capscitance (Figure 1 from Mott-Schottky data)
and resistive elements in parallel to the photoanode's
space charge capacitance, An equivalent circuit ration-
slizing this interfacial region was addressed using cir-
cuit snalysis techniques previously discussed by others.
4,5 The corresponding equivalent circuits obtained for
both n-HES5y crystal orientations are suomarized in
Pigure 2.

Frequency {ndependent capacitance data were obtained
by inttially messuring the total frequency dependent
capacitsnce, conductance and {mpedance of the photoanode/
elactrolyte interfacial regton. fFrom this, the imped-
ance frequency dependence was obtained and used to
eliminate the influence of the frequency dependent ca-
pscitance and resistance from the {nterfacial admit-
tance. Space charge capacitance at the van der Waails
sur{ace, obtatned using this approach, was found to be
102 yF/cm? at open-circult potential. Order of mag-
nitude higher spsce charge capacitance values were
found for materials whose van der Waals layers were
exposed to the electrolyte, Here, frequency indepen-
dent Mott-Schottky dats obtsined (Figure )) for n-HES;
gave Vpg = -0.351V vs SCE snd Ny = 7.1 x 1017 ca”3.

The {nitisl photopotentials of n-HfSy in aceton-
ftrile contsining CuCl were found to possess values
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of -90mV which decreased steadily during the poten-
tioscatic intercslation of copper. Space charge ca-
pacitance at the same time was found to increase to ,
1 uF/cal. !

The electrochemical deintercalation of copper
could be achieved i{n the dark implying that the {ni-
tially intercalated copper occupies energy levels
close to the conduction band rather than in the for-
bidden gap close to the valence band.

The implications of these experimental observa-
tions will be discussed in relation to the applica-
tion of these intercalating photoelectrodes in both
liquid nonsqueous and SPE, PEC storage devices.
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Fi{gure |. Frequency dependent Mott-Schottky plot

for n-HfS; in 0.1M TBAPFg {n CH3CN
oriented perpendicular to van der Wasl
layer tn CH3CN/O.1M TBAPFg electrolyte.
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. Figure 2. Equivalent circuits for n-HfS3/CH3CN inter-
: facisl region.
- 8) n-HfS; perpendicular to van der Waals layers
(1.e. intercalating edges exposed to elec-
- trolyte)
:: b) n-HfS; parallel to van der Waals layer
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